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(57)Abstract> 

PURPOSE: To decide the temp, coefft. of 
wavelength shift of a multilayered film filter 
according to decision of the coefft. of linear 
expansion of a substrate and to obtain a 
multilayered film filter having almost zero 
temp, coefft. of wavelength shift. 
CONSTITUTION: Dense multilayer films are 
formed on different substrates by vapor 
deposition by an ion or plasma process. The 
temp, coefft. of wavelength shift of each 
multilayer film is plotted on the coordinate of 
linear expansion coefft.-temp. coefft. of 
wavelength shift. Based on the obtd. plot, the 
temp, coefft. shift line intrinsic to each 
multilayer film is obtd. The substrate for a 
^ multilayer film having a specified temp, coefft. 
~~ Jg^ of wavelength shift is selected according to this 
temp, coefft. shift line. Further, by using a 
substrate having coefft. of linear expansion of 
75-150(1/107), a multilayered filter having 
almost zero temp, coefft. of wavelength shift is obtd. Thereby, the temp, coefft. of 
wavelength shift can be determined from the temp, coefft. shift line. A multilayered 
filter having almost zero temp, coefft. of wavelength shift can be obtd. by using a 
substrate having the coefft. of linear expansion in a specified range. 
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[Claim(s)] 

[Claim l] A selection method of a temperature coefficient of own refractive index of 
multilayers, and a wavelength shift temperature coefficient of a multilayers filter 
which determines coefficient of linear expansion of a substrate based on relation in 
which a wavelength shift temperature coefficient value carries out monotone reduction 
to a coefficient-of-linear-expansion value of a substrate also in consideration of 
volumetric strain to multilayers by thermal expansion of a substrate in addition to 
thickness fluctuation by thermal expansion. 

[Claim 2] A selection method of a wavelength shift temperature coefficient of a 
multilayers filter of determining coefficient of linear expansion of a substrate based on 
relation in which a wavelength shift temperature coefficient value carries out 
monotone reduction to a coefficientof-linearexpansion value of a substrate in a 
multilayers filter which carries out the laminating of the dense multilayers on a 
substrate using ion or the plasma process method. 

[Claim 3] A coefficient-of-linearexpansion value is 75 thru/or 150 (/107). A wavelength 
shift temperature coefficient which comes to carry out the repeat laminating of the 
Ti02 and Si02 coat by turns on a substrate in within the limits is the multilayers filter 
of abbreviation zero. 

[Claim 4] A coefficient-of- linear-expansion value is 75 thru/or 150 (/107). On a substrate 
in .within the limits, it is Ta 205. A wavelength shift temperature coefficient which 
comes to carry out the repeat laminating of the Si02 coat by turns is the multilayers 
filter of abbreviation zero. 

[Claim 5] A coefficient-of- linear-expansion value is 75 thru/or 150 (/107). On a substrate 
in within the limits, it is Ta 205. Si02 and aluminum 203 A wavelength shift 
temperature coefficient which comes to carry out the repeat laminating of the coat by 
turns is the multilayers filter of abbreviation zero. 

[Claim 6] A coefficient of-hnear expansion value is 75 thru/or 150 (/107). On a substrate 
in within the limits, they are Ti02, Si02, and aluminum 203. A wavelength shift 
temperature coefficient which comes to carry out the repeat laminating of the coat by 
turns is the multilayers filter of abbreviation zero. 

[Claim 7] as vacuum evaporationo material - Ti02, Si02, Ta 205, aluminum 203, 
Zr02, Si, ZnS and HfO, germanium, Nd 206, Nb 205, and Ce02 any or one or more - 
adopting -- ion or the plasma process method - a coefficient-oflinear-expansion value - 
75 - or 150 (/107) A wavelength shift temperature coefficient which comes to carry out 
the dense vacuum evaporationo of the above-mentioned vacuum evaporationo coat on a 
substrate in within the limits is the multilayers filter of abbreviation zero. 



[Claim 8] A selection method of a wavelength shift temperature coefficient of a 
multilayers filter which carries out the laminating of the same multilayers on a 
substrate which changed with ion or plasma process methods, produces two or more 
kinds of multilayers filters, plots a wavelength shift temperature coefficient value of 
each multilayers filter on a coefficientof-linear-expansionwavelength shift 
temperature coefficient coordinate, draws a temperature coefficient shift straight line 
of that multilayers proper, and adopts a substrate which has a predetermined 
coefficient of linear expansion from this straight line. 

[Claim 9] A coefficientof- linear-expansion value is 75 thru/or 150 (/107). A selection 
method of a wavelength shift temperature coefficient of a multilayers filter according to 
claim 1 of adopting a substrate in within the limits, adjusting a straight line 
temperature coefficient of own refractive index of multilayers, and obtaining a 
predetermined wavelength shift temperature coefficient. 

[Claim 10] A wavelength shift temperature coefficient which adopts a substrate of a 
coefficient-of-linear-expansion value led from a temperature coefficient shift straight 
line of a multilayers proper is the multilayers filter of abbreviation zero. 
[Claim 11] A wavelength shift temperature coefficient according to claim 10 which 
calculates a temperature coefficient shift straight line from a 
coefficient-of- linear-expansion-wavelength shift temperature coefficient coordinate 
value of each multilayers filter with which only substrates differ is the multilayers 
filter of abbreviation zero. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the wavelength shift temperature 
coefficient selection method of the multilayers filter used for optical communication etc. 
A desired wavelength shift temperature coefficient value is selected based on the 
coefficient of-linear expansion-wavelength shift temperature coefficient coordinate of a 
multilayers proper etc., and especially a wavelength shift temperature coefficient offers 
the multilayers filter of abbreviation zero. 
[0002] 

[Description of the Prior Art] The multilayers band pass filter (a multilayers filter is 
called below) which carried out the laminating of the dielectric coat of Ti02 or Si02 
grade on substrates, such as a quartz, is vapor-deposited by the electron beam on the 
substrate heated by 250 ** within the vacuum chamber. The multilayers in this case 
have low pack density (if it puts in another way SUKASUKA), and membrane 



structure presents a columnar structure. Under an operating environment, moisture 
carries out the adsorption and desorption of the inside of multilayers, a membranous 
refractive index is changed, and fluctuation of a wavelength shift temperature 
coefficient is brought about. Peak transmitted wave length shifts to a short wavelength 
side at the time of a temperature up, and it shifts to a long wavelength side at the time 
of a temperature fall. In order to offer dense multilayers, ion-plasma process vacuum 
deposition, such as the ion assisting method, the ion plating method, and an ion beam 
sputtering technique, is adopted. Although the multilayers filter of high pack density is 
wide opened from the effect of humidity, with a narrow-band multilayers filter, the 
technical problem of the peak wavelength shift by temperature remains. 
[0003] 

[Problem(s) to be Solved by the Invention] Dense wave length multiple 
telecommunication and coherent optical communication are adopted by the end of today. 
In order that transparency peak wavelength may shift the narrow band multilayers 
filter by the ion-plasma process method according to fluctuation of ambient 
temperature, a request in the multilayers filter of abbreviation zero has a very strong 
wavelength shift temperature coefficient. Although it is groping for the material, the 
own physical properties, own vacuum evaporationo method of multilayers, etc., it is 
having trouble to the temperature coefficient of a refractive index, this invention 
person is establishing the wavelength shift temperature coefficient selection theory in 
consideration of the volumetric strain from a substrate to multilayers paying attention 
to the coefficient of linear expansion of a substrate, and a wavelength shift 
temperature coefficient aims at offer of the multilayers filter of abbreviation zero. 
[0004] 

[Means for Solving the Problem] In addition to a temperature coefficient of own 
refractive index of multilayers, and thickness fluctuation by thermal expansion, 
coefficient of linear expansion of a substrate is determined based on relation in which a 
wavelength shift temperature coefficient value carries out monotone reduction to a 
coefficient of-linear-expansion value of a substrate also in consideration of volumetric 
strain to multilayers by thermal expansion of a substrate, and a multilayers filter 
which has a desired wavelength shift temperature coefficient value is offered. A 
coefficientof-linearexpansion value is 75 thru/or 150 (/107). On a substrate in within 
the limits, they are Ti02 and Si02 coat or Ta 205. The repeat laminating of the Si02 
coat is carried out by turns, and a wavelength shift temperature coefficient produces a 
multilayers filter of abbreviation zero. 
[0005] 



[Function] Drawing 1 is a substrate coefficient-of-linear-expansion-wavelength shift 
temperature coefficient coordinate, and is the temperature coefficient shift straight line 
a for every multilayers ■ d. It is drawn. For example, Straight line a In order for a 
wavelength shift temperature coefficient to use multilayers as the multilayers filter of 
abbreviation 0, coefficient of linear expansion is 110/107. What is necessary is just to 
adopt the substrate which takes near. It is understood that a wavelength shift 
temperature coefficient carries out monotone reduction in proportion to the coefficient 
of linear expansion of a substrate. The volumetric- strain model in consideration of the 
volumetric strain to the multilayers by the thermal expansion of a substrate is 
explained below, temperature tO and t the average refractive index as a film of the 
vacuum evaporationo film at the time - nO and nt, the average refractive index of the 
portion of the vacuum evaporationo material of a vacuum evaporationo film - NO and 
N t, the pack density of a vacuum evaporationo film - P0 and Pt, the thickness of a 
vacuum evaporationo film - dO and d t, the volume of the cube in the field of a certain 
fixed thin film - V0 and Vt ** it carries out. The Poisson's ratio of multilayers is set 
to s, the temperature coefficient of beta and a refractive index is set to delta for a mean 
coefficient of linear expansion, and coefficient of linear expansion of a substrate is set 
to alpha. 

nO = N0P0 +1 -P0 V t=V0[l+2 (alpha-beta) x 0 [ 1-2 ] s / (l-s)+3 beta] from this P t 
=P0(l+3 beta)/[l+3 beta+2(alphabeta) (1-2 s) /(i s)] d t =d0[l-2s (alpha-beta) 
(l-s)+beta] They are the temperature coefficient of a refractive index, and delta= (1/N) 
(dN/dt) here. If a definition is given nt =N t P t+l-P t=(N0+N0delta) P t+l-P t this, 
Wavelength shift temperature coefficient (TSC) in the wavelength lambda of a 
multilayers filter TSC = lambda-delta (nd) / nO =nt d t / nO dO l .... It is expressed with 
**. The 2nd Drawing is as a result of [ of having investigated the temperature 
coefficient dependency (delta) of a refractive index based on ** type ] count. Pack 
density P = 1.0 and Poisson's ratio s = 0 It takes to coefficientoflinear-expansion 
beta=l/107 of a film, and the average refractive index N = 1.85. The 1st If it compares 
with the experimental result of drawing, it will be understood that the temperature 
coefficient of a refractive index takes abbreviation 1.0 / about 105 value. This count 
result in which a wavelength shift temperature coefficient carries out monotone 
reduction in proportion to the coefficient of linear expansion of a substrate serves as a 
proof of the Tightness in consideration of the volumetric strain to the multilayers by the 
thermal expansion of a substrate of a volumetric strain model. 
[0006] 

[Example] It is the wavelength shift temperature coefficient (TSC) of transparency 



peak wavelength for a horizontal axis about the coefficient of linear expansion of the 
substrate of a multilayers filter. The coefficientoflinear-expansionwavelength shift 
temperature coefficient coordinate taken along the axis of ordinate is shown in drawing 
1. Temperature coefficient shift straight line a in this drawing It is the wavelength 
shift temperature coefficient straight line of the multilayers (a cavity layer has primary 
cavity length, and is produced by Si02, and half-value width is about 0.5rim) which 
carried out the 33 layer laminating of Ti02/Si02 of repeats by turns. These multilayers 
are a table 1. It is vapor-deposited by each indicated substrate, respectively, and each 
multilayers filter is produced. It is each multilayers filter 2 [ 20 degrees C and 60 
degrees C ] Transparency peak wavelength is measured at a point, It is a plot (O mark) 
to this drawing about the wavelength shift temperature coefficient of the result. It 
carries out. It is the above-mentioned temperature coefficient shift straight line a based 
on this plot. It is created. If there are two plotting points, a ********** shift straight 
line can be drawn once. 
[A table l] 



Next, Ti02/Si02 carry out a 31-layer repeat laminating by turns, and they create 
multilayers. The difference from the above-mentioned example is the point of having 
adopted Ti02 as the cavity layer which has primary cavity length, layout center 
wavelength 1540nm mesial maignitude width - about l.Onm it is . substrate (each 
substrate indicated by the table l) with which these multilayers are vapor-deposited 
every - a wavelength shift temperature coefficient is measured similarly The 1st 
drawing - plot (- mark) It carried out. These each point to temperature coefficient shift 
straight line b It asks. Both temperature coefficient shift straight lines a and b 
Difference, It originates in the difference of the temperature coefficient of the refractive 
index of Si02 and Ti02 which is a cavity layer. The laminating of Ta 205 / Si02 is 
carried out alternately with a 41-layer repeat, and, in the case of the multilayers which 
adopted Si02 as the cavity layer which has primary cavity length, the temperature 



coefficient shift straight line c is drawn. This straight line c is called for from each plot 
(** mark). It is Ta 205 to the cavity layer which similarly carries out the laminating of 
Ta 205 / Si02 alternately with a 391ayer repeat, and has primary cavity length. In the 
case of the adopted multilayers, the temperature coefficient shift straight line d is 
drawn. This straight line d is called for from each plot (** mark). The difference among 
both the temperature coefficient shift straight lines c and d is a difference in a cavity 
layer. It is Ta 205 from Si02 of one cavity layer. The direction is because the 
temperature coefficient of a refractive index is large a little. The multilayers 
vapor-deposited from these measurement results and the above-mentioned ** type by 
the substrate with a big coefficient of linear expansion are dragged by the coefficient of 
thermal expansion of a substrate, like, the film itself produces volumetric strain 
two-dimensional as a result of [ its ] breadth, pack density falls, and volumetric strain 
theory of changing a wavelength shift temperature coefficient is drawn. 
[0007] From temperature coefficient shift straight line a d of drawing 1, it is 
understood that a wavelength shift temperature coefficient value carries out monotone 
reduction to the coefficient-of-linearexpansion value of a substrate, the multilayers 
filter which has a certain wavelength shift temperature coefficient ~ this straight line 
- since - it becomes possible by coefficient-of-linear expansion selection of the class of 
multilayers and substrate which are led. In order for a wavelength shift temperature 
coefficient to produce the multilayers filter of abbreviation zero, a 
coefficient-of-linear expansion value is 75 thru/or 150 (/107). What is necessary is just 
to carry out the repeat laminating of Ti02/Si02 coat or the Ta205 / Si02 coat by turns 
on the substrate in within the limits. 

[0008] Ti02, Si02, and Ta 205 although explained as a vacuum evaporationo coat - Ta 
205/Si02/aluminum 203 Or Ti02/Si02/aluminum 203 Also case of the multilayers 
which carried out the repeat laminating by turns, The temperature coefficient shift 
straight line a - d abbreviation - it has the same orientation, this aluminum 203 not 
only - the coat according to the layout transparency peak wavelength of a multilayers 
filter is adopted suitably, the vacuum evaporationo material of an old example - Si02, 
Ti02, Ta 205, and aluminum 203 it is - although - in addition - being alike - Zr02, 
Si, ZnS, HfO and germanium, Nd 206, Nb 205, and Ce02 Selection adoption is carried 
out. especially - germanium (germanium) the wavelength shift temperature coefficient 
which consists of a coat - the long wave of abbreviation zero - filter for merits, a space 
observation airplane ■■ it is expected as dexterous. The spatter of such vacuum 
evaporationo material is carried out with an acceleration electron or ion, and a direct or 
plasma field is made to pass through and vapor-deposit on the selected substrate. 



Oxygen and nitrogen ion are irradiated according to an ion gun at a vacuum 
evaporationo film. The temperature up of the substrate is carried out to 100 - 120 ** 
with the radiant heat from the quality of an emission. Multilayers by this ion or the 
plasma process method, Pack density is abbreviation 1. It becomes a near dense film. A 
coat high in this way, therefore multilayers receive the volumetric strain by the 
coefficient of linear expansion of a substrate, pack density causes the fall of pack 
density, and a wavelength shift temperature coefficient is changed. Coat with very low 
pack density (SUKASUKA condition) The effect a wavelength shift temperature 
coefficient is influenced by the coefficient of linear expansion of a substrate with a 
multilayers filter is small. 

[0009] Ti02/Si02/aluminum 203 or - for a wavelength shift temperature coefficient's 
producing the multilayers filter of abbreviation zero by the multilayers which carried 
put the repeat laminating of Ti02/Si02/aluminum 203 by turns - temperature 
coefficient shift straight line a-d ■■ referring to - a coefficient- of" linear-expansion value 
- 75 thru/or 150 (/107) it is in within the limits - what is necessary will be just to carry 
out a substrate They are Zr02, Si, ZnS, HfO, germanium, Nd 206, Nb205, and Ce02 
similarly. In order for a wavelength shift temperature coefficient to produce the 
multilayers filter of abbreviation zero also by the coat, a coefficient-oflinearexpansion 
value is 75 thru/or 150 (/107). The substrate in within the limits is adopted. But the 
absolute value of a wavelength shift temperature coefficient value is the same, and if 
two kinds of multilayers filters with which only the signs (positive/negative) differ are 
set and used, a wavelength shift temperature coefficient will be set to 0. The 
multilayers filter with which only the signs of positive/negative differ with reference to 
temperature coefficient shift straight line a d can be selected. 
[0010] 

[Effect of the Invention] In short, since this invention determines the coefficient of 
linear expansion of a substrate based on the relation in which a wavelength shift 
temperature coefficient value carries out monotone reduction to the 
coefficient-of-linear expansion value of a substrate also in consideration of the 
volumetric strain to the dense multilayers by the thermal expansion of a substrate in 
addition to the temperature coefficient of the own refractive index of multilayers, and 
the thickness fluctuation by thermal expansion, it can select the multilayers filter 
which has a predetermined wavelength shift temperature coefficient value. Multilayers 
and a substrate are selected with reference to a temperature coefficient shift straight 
line. Especially, coefficient of linear expansion is 75 thru/or 150 (/107). If a substrate 
within the limits is adopted, a wavelength shift temperature coefficient can offer the 



multilayers filter of abbreviation zero. Moreover, if the coefficient of linear expansion of 
a certain substrate is known, the multilayers of a multilayers filter which have a 
predetermined wavelength shift temperature coefficient from many temperature 
coefficient shift straight lines can be determined, and when multilayers are specified, 
the wavelength shift temperature coefficient of the multilayers filter is known 
beforehand. 
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